This study was performed to investigate the epidemiology of adenovirus related acute lower respiratory tract infection in children through a large sample collection. Totally 76,518 patients admitted to Children's Hospital Affiliated to Zhejiang University School of Medicine were investigated from July 2006 to June 2012. Nasopharyngeal aspirates were collected and examined by immunofluorescence assay to confirm viral etiology. There were 479 patients positive for adenovirus (6.3‰) and pneumonia accounted for most of these patients. The median age of adenovirus infected was 16 months and peaked at the second six-month of life. Winter, spring and summer had the similar positive rate, while autumn had the lowest occurrence rate. The detection rates of adenovirus on each spring from 2007 to 2012 were 18.01‰, 5.73‰, 11.85‰, 6.35‰, 11.77‰ and 2.66‰, respectively, which indicated a prevalence appearing once every two years.
Introduction
Adenovirus was first described in the 1950s and is associated with a wide range of diseases, such as keratocon-* Corresponding author. junctivitis, febrile respiratory illness and gastrointestinal diseases [1] - [3] . Severe cases can occur in infants or immunodeficient patients. Serious infections are often associated with fetal short-term complications including respiratory distress, cardiac failure and hepatic dysfunction or with intractable long-term complications, such as obliterative bronchiolitis and bronchiectasis [4] . Due to the severity of adenovirus infection, it has attracted extensive attention from clinicians worldwide [5] [6] . Significant discrepances exist in the incidences of adenovirus infection in different regions as the geographic disparity and different test methods. In some tropical countries such as Cambodia, adenovirus was detected in 3% of acute lower respiratory tract infection in children less than five years old [7] . While in Oman, the detection of adenovirus was much higher, which accounted for about 7.7% [8] . Existing of different detection rate is also due to the lack of large sample research. So understanding of the epidemiology through large sample date is crucial to prioritize the preventive strategies like immunization. As a result, we conducted this research through a six-year continuous monitoring of hospitalized children and summarized the investigations of adenovirus infected cases by laboratory detection and the epidemiological information.
Material and Methods

Patients
The study was performed from July 2006 to June 2012 at the Children's Hospital Zhejiang University School of Medicine. Children who were hospitalized for acute lower respiratory infection were enrolled. Records of adenovirus positive patients were collected for further study. The experimental protocol was approved by the ethics committee from Zhejiang University School of Medicine.
Clinical Manifestations of Acute Lower Respiratory Infection
Recognition of pediatric acute lower respiratory infection was based on the physician diagnosis of bronchitis, bronchiolitis and pneumonia. Acute respiratory infection was defined as respiratory symptoms lasting <3 weeks. Patients with chronic lung or heart diseases, and primary or secondary immunodeficiency were excluded. Physicians categorized the patients into lower and upper respiratory tract infections according to the clinical manifestations described in the Nelson Textbook of Pediatrics [9] .
Specimens
Nasopharyngeal samples were collected on admission by inserting a catheter tube into the nasopharynx and aspirating with a vacuum constriction device. The aspirates were then made into slides, each of which should have at least 20 exfoliative cells. The aspirates were placed in a universal transport medium and stored at 4˚C until sent to the central laboratory of children's hospital for analysis.
Virus Determination
Immunofluorescence assay was conducted for the qualitative identification of adenovirus, influenza A, influenza B, parainfluenza-type 1, 2, 3 and respiratory syncytial virus. The slides were examined under magnification of 200 times with a fluorescent microscopy. Positive staining was represented by the presence of at least two intact cells with a type of fluorescence for certain virus.
Statistical Analysis
All statistical analyses were performed using SPSS software (version 19). Data are presented as the percentage or mean ± SD. The Chi-square test was used to compare the difference of proportion between different seasons and years. P-value < 0.05 was considered significant.
Results
The detection rate of Adenovirus in acute lower respiratory infection was 6.25‰ (479/76,518). Medical records of adenovirus identified cases were analyzed as follows.
Demographics
The age distribution was from one month to 172 months (median age, 16 months). There were 55.32% children younger than 24 months of age, and 8.14% younger than 6 months. Children over than 5 years old had the lowest morbidity. The highest occurrence of adenovirus in acute lower respiratory infection was in the first year of life and peaked at the second six-month. Boys accounted for over two thirds of all patients (331/479). About half of the patients had direct-contact history of respiratory diseases before getting illness. (Table 1) Pneumonia and bronchiolitis are the most common admitting diagnoses of all patients. The mean length of hospitalization was 10.3 days (10.3 ± 7.0). All of the ADV positive patients had cough and a quarter of them had wheezing. Over 90% patients had fever, some of them even got continuous high fever (body temperature > 39˚C) persisting for about 8 days (8.67 ± 4.31). The main positive signs of ADV infected children were moist rales in the lung. Respiratory failure and liver damage were the most common complications of ADV infection.
Clinical Information for ADV Positive Children
Seasonal Occurrence of Adenovirus Infection
Adenovirus was isolated sporadically with the detection rate highest in the spring (April-June, 36.7%) and lowest in the autumn (October-December, 10.6%). There was significant difference of the detection rate between autumn and the other seasons (P < 0.05). The detection of adenovirus in different seasons was revealed in Figure 1 .
Prevalent Trends of Adenovirus Associated Acute Lower Respiratory Infection
Spring has the highest detection rate in all seasons. In this season, positive rate of adenovirus-acute lower respiratory infection from 2006 to 2012 were 18.01‰, 5.73‰, 11.85‰, 6.35‰, 11.77‰ and 2.66‰, respectively. The occurrence of adenovirus-acute lower respiratory infection seemed to have prevalence at spring once every two years. The trends of adenovirus infection in each season of the six years were shown in Figure 2 . 
Discussion
The occurrence of adenovirus-acute lower respiratory infection is often sporadic with different age and season distribution. In this study, we noticed that patients less than two years of age occupied over half of all cases.
Children are much more likely to get trapped into serious adenovirus infection as the specific antibody to adenovirus is generated and gradually increased since two years of age [10] . It is generally thought that infants less than six months are under the protection of antibodies that obtained from their mothers. But we found the occurrence of adenovirus-acute lower respiratory infection in little babies less than six months was higher than our expected, which accounted for about 8.14% of all cases. Fatal pneumonia in neonate was observed in previous study, who was ultimately developed into acute respiratory distress and died of multi-visceral failure [11] . It is predicted that once adenovirus infection occur in the neonatal period, it is more likely to get into serious situation even though the child has none underlying diseases [11] [12] . While, in view of this relatively high occurrence as well as the serious outcome, it is necessary to monitor the epidemic of adenoviral infection in little babies so as to give clinical intervention at early stage. A time series study shows that some climatic conditions such as temperature and humidity were correlated with the incidence of respiratory virus infection. Here we found that adenovirus appeared to be active all year round with a little prominent of incidence peaking at spring and had the lowest detection rate at autumn which was consistent with the previous report [13] . Furthermore, the occurrence of adenovirus infection seemed to have a two-year rhythm like some other common respiratory viruses, such as respiratory syncytial virus, human metapneumovirus and parainfluenza virus [14] [15] . Direct contact and inhalation is the main way of virus transmission which is often influenced by geographic or climatic factors. Lower temperatures as well as higher humidity may prolong the survival time of respiratory viruses in vitro [16] . Some other climatic factors such as ultraviolet B radiance and wind velocity were also linked with the overall number of respiratory diseases hospitalizations [17] [18] . In China, most regions have subtropical monsoon climate characteristics with relative lower temperature but higher humidity at spring than other seasons. The city of Hangzhou is located in the eastcoast of China which has a mean annual temperature of 17.5˚C and relative humidity of 69.6% with heavy rainfall in the spring. This might be one of the reasons to explain why adenovirus-acute lower respiratory infection in children often popular at spring. Although the epidemic processes of respiratory virus are often multicausal, some of these diseases are known to be climate sensitive. The epidemic occurrence of some respiratory pathogens such as influenza virus, rhinovirus, respiratory syncytial virus to some extent, can be predicted on the basis of pathogen-specific epidemic rhythm and weather forecast data [18] [19].
Summary
This study showed that the occurrence of adenovirus-acute lower respiratory infection seemed to have a twoyear rhythm and the incidence of adenovirus-acute lower respiratory infection in spring was higher than other seasons. Infants less than six months are common infection population of adenovirus-acute respiratory infection. Therefore, those patients should be intensively monitored.
